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RESEARCH MEMORANDUM

PRELIMINARY INVESTIGATION IN J33 TURBOJET ENGINE OF SEVERAL
ROOT DESIGNS FOR CERAMAT. TURBINE BLADES

By George C. Deutsch, Andre J. Meyer, Jr.,
end Willism C. Morgan

SUMMARY

The practicability of using ceramals with comperatively low strate-
gic material content for the blades of aircraft turbines was determined
in an experimental investigation. Four blade root configurations were
examined.

The most favorable resulis were obtained for ceremal turbine blades
with single serration interlock and dovetaill root configurations. Six
of the interlock type were operated in a J33-A-33 engine for 68 hours,

23 minutes at rated service speed and six of the dovetall type were oper-
ated for 58 hours, 28 minutes at rated speed. This result confirms the
conclusions of previous static design studies.

INTRODUCTION

Among the more important problems confronting the designers of
ailrcraft-englne turbine blades is the requirement that alloying elements
which are not domestically available be held to & minimmm. This restric-
tion imposes serious limitations on thrust and cperating temperature of
engines, particularly on the expendsble types intended for use in gulded
missiles. Mixtures of metals and ceramics (ceramals) have therefore been
proposed for use in the blades of aircraft turbines to conserve strategic
alloying elements and to permit the use of higher operating temperatures.
Tt has been shown (references 1, 2, and 3) that titanium carbide base
ceramals possess long and short time elevated temperature tensile strength
properties which are adequate for most turbine blades and possess also
good. thermgl shock resistance.

References 3 and 4 indicate that the first, and perhaps greatest,
problem to be solved in the utilizetion of these materials is to devise
ways of-retaining them in the turbine wheel. This problem 1s present
because these materisls have very little or no ability to deform in short
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times at the use temperature. In general, fastening devices. sultable for
use with these materials must first have a geometry compatible with a
material which appears sensitive to stress concentrations, and second,
their design must be such as to minimize the effects of mismating
between the ceramal blade and the alloy wheel.

The experimental investigation described herein is preliminary and
consisted of evaludgting the service life of each of four ceramal blade
root designs. One of these designs was the conventional fir-tree con-
figuration in general use for alloy blades; the others were special
designs based on analysis of the properties of the ceramal-blade material
and on dsta obtained at the NACA Lewis laboratory during a previous
investigation.

The engine chosen for this program is the J33. The reasons for this
choice were that the engine is one in which the centrifugal stress imposed
on the turbine blades at take-off speed 1s relatively high; consequently,
it can be presumed that if the blade root configurations are satlsfactory
for this engine, they will be satisfactory for most engines. Also, this
engine has been used for some time by the RACA for materisls evaluation
so that the operating characteristics are well known and a backlog of
operational experience is available.

APPARATUS AND FROCEDURE
Description of Blades
Camposition. - The turbine blades were designed at the Lewis labor-

atory and fabricated by Kennametel, Inc. The ceramasls used 1n the turbine
blades had the following nominal compositions:

Cammercisal Percent by welght
designation '
PiC | Co| K1 | Complex
carbidel
K-138 80 20| ==== -
K-1384A 65 20| =-=-- 15
K-151A 66.3| --| 18.7 15
K-152B 62 --1 30 8

l‘Ibe camplex carbide is a solid solution of
approximately 20 percent titanium, 30 per-
cent tantalum, and 50 percent columbium
carbides.
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The several ceramals were similar insofar as tensile strengths were
concerned; however, the addition of complex carbides was found to increase
the resistance to oxidation (reference 5).

The fabricator reported first the 18.7 percent nickel and later the
30 percent nickel compositions to be less sensitive to notches than the
ceramals containing cobalt; consequently, these compositions were incor-
porated into the study.

Fgbrication. - The fabricator reported that the airfoils of the blades
were mechined in the pertly sintered condition on a mulitiple spindle dup-
licating machine. The pattern used incorporated a shrinkage sllowance of
approximetely 17 percent. After machining, the sintering treatment was
completed and the root contours were ground with diamond abrasives.

Airfoil design. - The airfoil shape was held essentially constant
throughout the course of the Investigation. The initial airfoil shape,
used during the first three engine runs, was ldentical to the manufacturer's
design for the J33-A-9 engine. After campletion of this preliminery phase
of the investigation, it was decided to employ the J33-A-33, en engine of
later design, because the older model was approaching obsoclescence. The
only change msde In the alrfoil was a slight incresse in length. The
difference between the specified airfoil shape of the J33-A-33 turbine .
blade and the originel ceramal blade was not considered great enough to
Justify the delay and expense lnvolved in procuring new patterns for the
ceramal bledes at the time of the investigation, although this difference
did result in an airfoll which protruded beyond both leading and trailing
edges approximately l/ 8 inch at the tip when placed in a wheel bladed with
stendard J33-A-33 bilades.

At one point in the program (runs 5 and 6), difficulties were encoun-
tered thet were attributed to engine vibration. Blade alrfolls were thick-
ened by 0.040 inch (0.020 in. on each side) to make them more resistant to
vibrations. These blades were used in a single run (run 10).

Root design. - In chenging from the J33-A-9 to the J33-A-33 engine
the root profile was kept the same but the width was reduced (fig. l) .
For the standard fir-tree-type root, this change plus the slight increase
in blade length resulted in an increase in the stress across the top
serration of from 8900 pounds per square inch to 11,400 pounds per square
inch at rated speed for a ceramal blade having a reported density of
6.0 grems per millileter.

The root designs used are shown in figure 2. The standard fir tree
(fig. Z(a)) was included in the study to provide a base line for comperi-
son purposes despite the fact that, on the baesis of short time strength
tests, it was one of the least promising. Figures 2(b) and 2(c) show
roots in which pins of material more ductile than either the wheel or
blade meterials are interposed between the wheel and the blade. These
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pins were intended to provide some of the ductility which is lacking in
the cersmal and by deforming to permit good seating of the blades. The
pin materials were annealed AIST type 347 stainless steel for the inter-
lock design and 18-8 stainless steel for the 4-pin root.

The direct tensile stresses to which the roots are subjected at rated
turbine speeds are shown in table 1.

Prior to installetion in the turbine all blades were checked for
soundness by penetrant oil and radiographic methods.

Turbine Wheels

Runs 1 to 4 (table II) were made using conventional wheels. Special
wheels were procured for runs 5 to 10; these were conventional J33-A-33
wheels except that two diametrically opposed groups of three experimental
root cavitles were machined into the wheel, replacing six standard fir-
tree cavities. - : o

After the conventional S-816 alloy blades and the ceramal test blades
had been installed, the wheels were dynamlcally balanced prior to instal-
lation in the engines.

Turbine Blade Mounting Procedure

Fir-tree design. - The roots of the blades in runs 1, 2, and 3 (see
table II) were copper plated (approximately 0.007 in. thick} such that the
blade had & tight sliding fit into the wheel. In run 1 the two ceramal
blades were at Glametrically opposite positions in the wheel. TIn those
runs which used only & single ceramal blade, part of the airfoil of the
diemetrically opposite alloy blade was cut off for wheel balencing pur-
poses. In run 4 the ceramal blade had no copper plate and was loose,
with a tip movement of spproximately 0.020 inch.

Interlock design. - For runs 5 and 6 the ceramal blade was placed
in the center position of a group of three experlmental root cavitles.
The blade was flanked by alloy blades also having thls experimental root
contour but with the airfoil length reduced until the blede weight was
equal to that of the.ceramal blade. The purpose of this was to impose
the same root stresses on the ceramal blade that would exist were the
wheel bladed entirely with ceramal blades. For balencing purposes the
three dismetrically opposite experimental cavities were bleded with alloy
blades identical to those used to flank the ceramal blade.

For runs 7 and 10 all 6 experimentsl root cavities contained ceramal
blades. In both runs the blades were loosely mounted, with a tip movement

of spproximately 0.080 inch.
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To keep the retaining pins from sliding out of the wheel during runs 7
and 10, small Nichrome ribbon straps were spot-welded to the wheel so that
they covered the pins (see fig. 8). In these runs the hlades were
restra.:)’med from axiasl motion in the wheels by large "cotter” pins (see
fig. 8).

4-pin design. - The 4-pin desgign was used in only run 8. This run
utilized two clusters of three ceramal blades on diametrically opposed
gldes of the wheel. As for runs 7 and 10, spot-welded Nichrome ribbon
straps were used to restrain the pins from axial motion in the wheel and
large cotter pins were used to restrain the blades (fig. 10).

Dovetail design. - The dovetail design was used in run 9 only, in
which the wheel contained six ceramsl blades. In this run, 0.0025 inch
thick shims of flat nickel-plated copper screen were lnserted between the
ceramsl blade root and the wheel. The purpose of this shim was to improve
the uniformity of loading on the blade root. Again axisl motion of the

-blade in the wheel was prohibited by the use of cotter pins (figs. 12

and 15) . The aversge tip movement of the blades in this run was 0.015 inch.

Engine Operation Procedure

The engines used in the investigation were operated in pendulum-type
sea-level stands. In genersl, the program of operation consisted of
incremental incresses in engine speed from the idling condition to full
rated speed. The program of engine operation shown in table IT was fol-
lowed when the blades were first brought to rated speed. During sub-
sequent starts, the engine was slowly accelerated to rated speed, a pro-
cedure that required about 10 minutes.

The manufacturer's rated speed for the J33-A-9 engine was 11,500 rpm;
for the J33-A-33 engine, 11,750 rpm. In the tests covered in this study,
each engine was operated at its rated speed.

The fuel used in 81l runs was JP-4. The engine speed was controlled
by means of a stroboscopic tachometer for both the rate of approach and
hold et the take-off speed (11,750 rpm). When teke-off speed was sttained,
the speed was checked with a more accuraste chronometric tachometer and,
if required, slight adjustments in speed were made. Since the properties
of the ceramal materials used in this investigation are considered rela-
tively insensitlve to temperature changes in the raenge under study, the
exhaust nozzle of the engine was left in the open position at all times.
The temperature of the engine was meassured by means of the ring of thermo-
couples In the tail pipe, but no attempt wes made to control this temper-
ature. The temperature in the normal failure zone of the airfoil of the
alloy blades was estimated to be 1450° F.
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The vibration of the engine was measured by a Sperry electric
induction-type vibration pickup. This instrument was mounted on top of
the engine and was sensitive to vibrations vertical to the axis of the
engine.

Other than the use of experimental roots, two design changes were
made in the engine for the purposes of this program. First, thin
(0.032'inch) Inconel X sheet was substltuted for the shroud band of the
engine. Since this sheet was thin, fragments from falled blades readily
pierced it and escaped, thereby minimizing demage to unfailed blades from
flying fragments of previously failed blaedes. Second, in rumns 8, 3, and
10, considerably stronger cambustion-chamber-liner retaining pins were
used. Experience has shown that this part falls frequently and the
change was to prevent fragments of these pine from passing through the
turbine and damasging the blades.

DISCUSSION OF RESULTS
A summary of sll the blade operating data is given in table II.

Fir-tree blade runs. - There are several gignificant features of
the operating data using the fir-tree-type blade root. In one run (4)
using the fir-tree root, the turbine did attein full rated speed. This
1s gratifying when it 1s noted that the composition was not the best one
for these tests and static tests indlicate that this deslign is one of the
least suited for use with brittle materials.

In run 2 the engine was shut down after it had reached a speed of
7000 rpm because of a failure in the lubrication eystem, and in run 4 an
emergency shutdown was experienced sfter the engine had reached 6000 rpm
because of a fuel lesk. Neilther the vibratlion nor thermal shock result-
ing from these shutdowns caused visible damage tc the blades and each run
was continued. Also, in each of these runs abnormslly severe vibration
conditions were experienced while the engine was coming up to speed. In
run 2 this occurred at spproximately 8400 rpm and in run 4, between 8000
and 9000 rpm. In neither case dild failure occur at these conditions.

Reference 4 indicates that increased life was achieved on small
blades of similar compositlons by interposing a copper plate between the
blade root and the wheel. In the runs covered by reference 4 the blades
were subJjected to a much lower stress state than in the runs covered by
this report. While the data are very fragmentary, & comparison of run 4
{without copper plste) with runs 1, 2, and 3 (with copper plate) indicates
that since the life of the blade without plating was superior to that of
the coated blades, this effect was not present in the runs at the higher
stress states used in this study. However, the blades used in rums 1, 2,
and 3 were of earlier manufecture and of different composition and did
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not appear so sound as the blade used in run 4. Filgures 3 and 4 indicate
the type of failures encountered with this type of root.

Interlock blade runs. - Runs 5 and 6 each used a single ceramal
blade with two adjacent shortened alloy blades and three shortened alloy
blades. at diametrically opposlite positions in the wheel. The gaps left
in the wheels by these shortened blades epparently caused a major dis-
turbance in the normal vibration characteristics of the engine because
in each case unusually severe vibrations occurred which resulted in severe
demage to the strubts supporting the "bullet" in the tallcone. After run 5
these struts had a large number of cracks which were repalred by welding.
After run 6 the damage was even more extensive and the struts collapsed.
While it appears probable that this severe vibretion caused the blade
ailrfoil failures, the alloy blades in the remeinder of the wheel
experienced no apparent damage under the seme conditions. A ceramsl
fallure in these runs is shown in figure 5.

Run 7 utilized six ceramal blades and was an attempt to correct the
vibration conditions of the two previous runs. The gppearance of the
failure (fig. 6) indicates that the first blade to fail was the one in
which half the airfoil is missing. The remainder of the fallures aeppear
to have resulted from impact by fragments from the first failure. Micro-
scopic examination of the blade that is presumed to have failed first did
not reveal any defect in this blade.

During disassenibly of the engine after runs 5, 6, end 7, it was
noted that several of the combustion-chamber-liner positioning pins had
also failed. If these failed prior to the blade failure and then passed
through the turbine, their impact with the blades could account for the
comparatively low time of operation of these runs.

Run 10 was intended to avoid the probable causes of failures in
runs 5, 6, and 7. The blade was made more resistant to vibration by
thickening the airfoil. The combustion-chember-liner positioning pins
were strengthened.

After 68 hours and 23 minutes at rated speed, failure occurred.
Three of the blades on one side of the wheel failed in the root (fig. 7)
while the three opposing blades {fig. 8) suffered relatively little
damage. No cause for the failures could be ascertained.

The retaining pins in each of the interlock runs deformed plastically
during operation. Thus, at least +to some extent,they were performing
their intended role, which was improving the seating of the blades.

4-pin blade runs. - As in the previous run this wheel was bladed
with two dismetrically opposed clusters of three ceramal turbine blades
{(fig. 9). After 1 hour and 40 minutes of operation the fuel pump to the
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engine failed, necessitating that the engine be slowed to idle speed as
rapidly as possible. After 9 hours and 42 minutes of operation (7 hr and
9 min of operation at rsted conditions), the blades were all in good con-
dition. After 19 hours and 42 minutes of operation (16 hr and 8 min at
rated speed), two out of the three blades in one cluster and one out of
the three blades in the other cluster were fractured across the bottom
two retaining pins (fig. 10). The time these faillures occurred is
unknown; it appeasred probable thet the blsde had been running in this
failed condition for several hours. As the cotter pins were no longer
effective in restraining the blades, a sheetmetal strap was installed
across the top row of pins and operation was continued (fig. ll).

After 20 hours and 30 minutes at rated speed one blade failed across
the top two pins and the fragments damaged the remaining 5 blades
(fig. 8(b)). As in run 7, inspection during engine disassenmbly showed
that several of the combustion-chamber-liner retaining pins had failed
and that there had been severe damage to the aft end of the engine.

Agein deformation was noted in the blade retaining pins. This
deformation was slight and a softer pin material might prove more
beneficial.

Dovetail run. - In this run mechanical failure of engine accessoriles
necessitated three emergency shutdowns. These did not‘'result in visible
demage to the blades. After 58 hours and 28 minutes of operation at
rated speed, one blade falled across the root (fig. 9) and damaged both
the edjacent ceramal blades and the ceramal blades on the opposite silde
of the wheel, as well &s several alloy blades (fig. 10). An enlarged
view of this failed root is shown in figure 11. From the impression of
the screen on the blade, it is evident that the screen was plastically
deformed during the test. A sharp line of contact between the screen
and the root can be noted in the figure. The cracks sppear to follow
this line. The stress concentration which caused the fallure may have

existed in this area. : .

General comments. - This work was of an exploratory nature and the
varisbles were not studied in sufficient detall to permit much analysis.
While no attempt can be made to separate the effects of composition, root
shape, and engine type on the life of the blades, a conslderable Ilmprove-
ment in blade life over.that yielded by the fir-tree type root was .
obtained. It appears likely that this improvement was obtained largely
through changes in root design. It 1s also of Interest that the trends
in engine life are similar to those obtained in static physical tests.
Since the stress-rupture life of the material has not been reached, con-
siderable sdditional gains probably can be made.

A study of the operating logs of the investigation shows that the
blades were subjected to severe and in some cases repeated thermal shocks

2592
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thaet resulted from engine accessory failures. The blades were sble {o
withstand these conditions.

The mechanical impasct of failed blade fragments in most cases only
chipped the remsining ceramsl blades. Whether this chipping is more
detrimental to continued operation than the disturbance to the air flow
caused by the distorted slloy blades that result from an alloy blade
failure is not known; however, the runs indicete that the blades have &
considerable amount of toughness at eleveted temperstures.

SUMMARY OF RESULTS

Engine tests were conducted to evaluate the performance of titaenium
carbide base ceramal turbine blades having various root contours. A
blade life of 68 hours and 23 minutes at rated speed was atteined for
the J33-A-33 engine. The root that yielded this 1ife was of the inter-
lock type. The dovetail root blade had a 1life of 58 hours and 28 min-
utes at rated speed. The tests indicated that the blades have the
ability to wilthstand thermal shock conditlons encountered in routine

engine operatlon.

Iewis Flight Propulsion Laboratory
Nationsl Advisory Cammittee for Aeromautics
Cleveland, Ohio.
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TABLE I. - DIRECT TENSILE STRESS IN CERAMAL BLADE ROOTS AT

RATED SPEEDS
Root width | Airfoil type|Root shape| Location of Streas
stress (+500 psi)
measurement
J33-A-9 J33-A-9 Fir tree |Top serration 8,500
J33-A-33 | J33-A-¢% 11,400
J33-A-33 | J33-A-9° Interlock |Neck 27,100
with 0.020
in, thick
envelope on
airfoil
surfaces
J33-A-33 | J33-A-97 Interlock |Neck 22,200
J33-A-33 | J33-A-9° 4-pin Top serration 20,300
4-pin Bottom serration| 27,400
J33-A-33 | J33-A-9° Dovetail |Neck 18,700

8airfoil lengthened spproximately 1/4 in. to conform to length
of J33-A-33 airfoll.
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TABLE II. - SOMMARY OF CERAMAL HLADE OPERATING DATA
Run (Engine Cera=sl blade Ceramal blade{ Nunber Test oycle Operating|[Time at Remarks
type composition root design of tine reated
titanium carbide ceraxatl Bpeed
plus percent blades
Y
Co | K. Er [=fno |hr | mig)

11]7335-9 20 —-—— -— Fir trea 2 Idle at 4000 rpm. 3 21 = - Oie blade falled acrosa top serrs-
{ecopper Spesd reised to tion; second blade failure prob-
plated) 63500 rpm In 500 rpm ably & result of Impact by frag-

stepa. Held each manta of first blade; failare
atep 10 min. Raised occcurrad during acceleratica.
from 6500 rpm in

300 rpm stepsa. Held

sach stsp 10 min.

2|J33-9 18.5{—-- 1s Fir tree 1 Idle at 4000 rpm. 3 36 |- ~—| Failure cccurred during accelerz-
{copper Speed rajsed to T tion; blade survived 2 starte;
plated) in SO0 rp=m ateps. failure was scross top serration.

Held sach step X0min.
Ralsed from 7000 rpm
in 300 rp= steps.
Held at esch astep

10 min.

5(J35-9 18.5f——— 15 Fir tree 1 Idlie at 4000 rpm, e 25 |-~ ~= Fellure cccurrsd during accslera-
copper reised to 6500 rpm tion; feilure was ecross top
plated) in steps of SO0 rpa. serration.

Held each step
10 min. Ralsed fros
rpe in steps of
300 rpu. Eeld at
asch step 10 min.
£|I55-35 | =-==118.7 15 Fir {ree 1 Idle at 4000 rpm. 3 50 |2 S50 Failed across top serration) sur-
Speed raised to ¥ived emergency shutdowm and
6000 rpm in 500 rpm two starte.
intervais. Held
each step 5 min.
Emergency ahutdown.
Speed ralsed to
7000 rpm in 13 min.
Railsed to 5000 rpm
in steps of 1000 rpwm.
Held each step
S min. Railsed to
ratad speed in
300 rps intervals,
Held each atep
5 min.
5|I53-33 | ———=|30 8 Interlock 1 Idle at 4000 rpu. - 58 |- ==|Failed in alirfoll at 10,800 rp=.
Speed raised to
. 2000 rpm in inter-
vals of 1000 rpm.
Held each step
5 min. Raised sbicve
rpa in 500 rpm
steps. Held each
step 35 wmin.
8}J35-35 | ~——|30 a Interlock 1 Idle at 4000 rp=. 1] 811}~ 4| Failsd in airfoil.
Raised to 9000
in intervals of
1000 rpm. Held
each atep 5 min.
sed to re
apeed in 300
tepa. Held each
step -
T|I33-35 | ====1350 8 Interlock € Idle at 4500 rya. 1| 10 |~ --{ Cas blade broken near bass;
Raised in 500 ypm reaainder of blades Lroken neer
Antervhls. Held at tip. Falled after 3 min at
esach step 3 min. 13,370 rpm.
10|J33-35] —-|30 e Interlock & Same as run 7. 71 6 |63 | 23 Initial failure in root. Blades
g:ieh 0.020 survived five noraal shutdcwns
. envalope before fallure.
added to
eirfoil sur-
face)
8|I33-33 [-=-- |30 8 4-pin & Idle at SO00Q rpm. 24 34 [0 30{ 411 bladas intaot aftsr 7 hr,
Speed raiged to 9 min st rated speed. Three
10,000 rpm in 1000 blades fractured across bottom
rpa intervals. Eeld two pina after 16 hr, 8
each step 3 min. of rated speed operation. Final
Raisad to reted feilure resulted in the fracture
speed 1in 300 rp= of oue blade across top two pins;
intervals. Held reaaining blsdes apparently
each step 3 min. dazaged ts. Blades
survived one energsncy and twe
normal shutdowns before fallure.

QjISI-33 |-=== |30 8 Dovetail 6 Idle at 4000 rpm. 63 44 |56 28] Initial failure in root. Blades

Speed raised to survi three exergency and
9000 in 00T rpm nine normal shutdowns before
steps. Held esach faillure.

step 3 ain. Raised

to rated speed in

500 rpm intervals.

Hald each step

3 win.

180114 solution of titanium, tantalum, and columblum carbides,
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Figure 1. - Projections of J33-A-9 and J33-A-33 turbine roots.
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(a) Coaventionsl fir-tree root. (v} Thterlock root.
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55"

=) —

2] - AN -
Ea ° zrgca. 15 red. /
dle rad . 0.155
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pin ﬁ 0.271 .
o 0.27¢

Q.4135"
0.415" rud
0.627 0.
0.629"
(c) 4-pin root. (d) Dovetail roct.

Figure 2. - Ceramal blade roots.
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Figure 3. - Fallure of ceramal blades having fir-tree root efter 3 hours and 21 minutes
of operation. Failure occurred at 10,900 rpm.

Figure 4. - Fallure of ceramal blades having fir-tree root after 2 hours and 23 minutes
of opsration. Failure occurred at S000 rpm.
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Flgurs 5, - Failure of oeramal blads having interlock root due to sovere sngine vibration,
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c-atlniz

Figure 6. - Failure of ceramal blades having-interlock roots after 1 hour and 10 minutes
af operation. Fallure occurred at 11,370 rpm.
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C-29656

Figure 7. - Failure of ceramal blades heving Interlock roots after 68 hours end 28 minutes
of operation. Failurs ococurred at rated speed.
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Figure 8. - Demage to ceramal turbine blades (interlock root) caused by fragments of
failed ceramal turblne blade.
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Figure 9. -~ Ceramal turbine blades having 4-pin type roots prior to operation.
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Figure 10, -~ Failure of ceramal blade having 4-pin root after
operatlon at rated speed.
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Figure 1ll. - Fallure of ceramal blade baving 4-pin root after 20 hours and 30 minutes of
operation at rated speed.
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Figure 12. - Fallure of ceramal turbine bladea having dovetall rocts after 5 hours and
28 minutes at rated speed.
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Figure 13, - Damage to ceramal turbine blades (dovetall root) ceused by fragments of
failed ceramal turblne hlades.
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14, - Enlarged view of fragment of dovetaill root of failed ceramal turbine blade.

¥e

STHZSHE W VOVN




SECURITY INFORMATION

m _HMHHM!MHIEMﬁlfff‘ﬂll-'ﬁﬂl'f

31176 01435 '6'472 E_




